
I $1 qjJI l L £ » ) 


^USI jj d]jj Ajjjill f'ljJjill cjUijj j» 1896 *4^ 

. j^ajxl Aj&lxtiVI Ajlalu»jl t ui«uSI ^ ill , JjjSjj tjjiA ^^jill 

<>. j Aj&U^VI AJaLAUl Uii. j Jilia. Si jjuJ fUkll jia. cil^VI life 

u' U&J*} L)' AjjlaJ o* f^' (“4^ 

. SljjJl jA Cjl&lxuVI &JA JJUA4 

AlalS Sjj^oj AjClsuiVI AjLLuuII SjAUa 4j) £)Vl <j-« £ia*alj 

. SI jfll (j-ajluaa. (J^33 ji Vji Ul JjV 4iAi j 


^ jSja fuA <jfr Sjbfr Sljill ji tiSjAj Uaauai IusjI JjjSjJj <-jjlaj J^a. <>j 
L^lja jjJjj Aaaja Sia^ij 3jja^u> JO’ 13 cm <^lja> <-i«aj jJLi |Ja. jjLua 

. SjJaa jUafl! tiUaji £|j CjIjUa SiaJJl AJUJI CjUjjjSWI 



I b yju 


iJft dilijjjjjillj ljUjjjjjILi CiLuuiaJl (> &f-jj <y> UJ^“ 

. OiAfcj (Jz (| Vj iaSa <# Sj j Sijj 

. ( p ) >j^W ^ >jj- 

^ *•*■ LaLaj (j jLuu l& jl jLa A_t^ J jj A ja ■* J **»■ j (j jjl - 

. 1.6xlO' 19 C tfjLuu* 

♦* 

m p = 1.673xlO" 27 Kg : ^ ^ - 

. OJ J^VI AUS »>» 1836 ^ . 

. ( n ) > ^ >jj- 

. AiaJill AiaJi J^a»i V <| J>i - 

m = 1.675x1 O' 27 Kg : AaljS*«2l AiHS £Lj . 


.(e) > jJW ^ 

. 1 .6xl0' 19 C UjlJla AjjLjfS 4-Lx« Jaaj ^ jjj - 

m n = 9.11xlO" 31 Kg : Aj2jS 

: ( a.m.u ) 2 l,jJJI ,>S3I i ju>j M 

1 ( U ) Ijt-fljll I 4 J >JJ* 

JjIju (_f&J Ajjjll CjLaiujaJI 4lj£ ..-■ Sj^j (jC Sjbe | _ r & • 


12 


: O' C^ 2 ^ <> 

lu = 1 .6605xl0" 27 Kg 

u SiAjj ojjjjjilllj <y* <j£ 4jj£ <j£- o^aj 

m p = 1.007276 u 
m n = 1 .008665 u 
m e = 0.000548 u 



# (j£- J SljUt J^b LjUjJ IJjoJl JJ& JJJU - 

. <IaUjjj£Wt ^ L)'j *fl *j3 </' CjUjjjjjJI - 

4ojLi4j£ 2I o^jluaiJ) jA j j^uaJI £ jj u&U^L ^ jilt JJxll ' - 

: t J &\ jjlxJI < 

# Sljill J^b CjUjjj ijJLit JJ& j CjUjj ijjjJI JJ& P ja|^ jA - 

( A ) J* 4 ^ - 

: O' Jj^' 0^ ( N ) j-«j^ c£b UiAj] CjUjjjjjUt jjx! Jajj - 

A = N + Z 

. u S^jj Lg-S 41&I1 SjiU c^2' " 

: £t dn^ 5 </t Stjj (Jl ^ji U J!>U. &a - 

^ jiii jjxJi 2 


238 ij 
92 u 


: JLU * 


238 = - 

♦♦ 

92 = j j jit JJstll - 

♦♦ 

92 = CjUjjjjjII J-lfr . 
146 = 92 - 238 = -Ufr _ 

92 = tlaUjjjiiyi JJfr - 


! yilkJI M 

JJxI) ‘ ifo** j /j jill JJxIl (jdi&i ^!fr j 1 ^'*" <jOU tliljj ^yA - 

. (IiUjjjjjjli JJfrj 

. 4jiL jji^l (jAil .^1 ‘ j 3y,l r xtt jj-«>l .x-vti ^jOj IgJ _ 
j»jjj nhl l ^ jjfr >UaiII , 4 t nM ) ^ Uj^Ijj 4jO ^ t iViVi - 

. ( i&U+a ) IjjA 4 4aUuI 


: Jli# 


* 


ll r 12 r 13 r 14 r 

6 U > 6 U > 6 U ' 6 U 


. >-ajfr >iUaj 6 JA O' ^ >»jJt (J^ 6* - 

JJC- j ( A ) w '" < " JJxSI (jk OH aj J ( Z ) JJxil <jOj dllaj l^ju^a. AaJ - 

(N)^Ujj2j^I 

t# -uju 1 ^C jjlaill !&»a JJft ua Je- Lf A*Mj : Sj±«Ol ljU a uuJI . 

. , .... 



: 4ilkJI aju-y ( a.rtl.U ) 

jSl£j ^hVuaL) tSJj j AiUa jSl£j Laj Ajjill JUJI S^j £fi> jjju £)t 

; (j/uit nV AiUa]| j 4jj£j| 


o 


E = m=. c 


lu = 1.6605 x lO -27 /^ 


: £l AjajJxajj 


c = 3 x 10 8 m/5 

: £)i ±sj l$ia Sli cyluiljl 3jjlxa ^ (Jajjfjllij 

E = (1. 6605 x 10“ 27 ) x (3 x 10 8 ) 2 
E = 14.924143 x 10 _11 / 


: Je J-mJ ( eV M ( J ) 6- 
E = 931.494 x 10 6 eV 

E = 931.494 MeV 

: £1 ^rVnnii l^laj 

931.494 MeV = lu.c 2 


931.494 Me V 


I ]iJI 4-9 lia 

|jj IgO* j£ 4J2£ j SI jlll CjU i JLa 4jlaj1xa jj ? SIjISI AJS£ ujLui^ f IaIaJI J|j| La±& 

: O' J* J 9 4-kl-^l >&) 

4iS£ l^Jj liLuxa CjUjjjjjJI 4i2£ (j\ ) l^SU jLa Jj£ Pja^a = SljiSl 

: i^i *-^ , ( 

M = Zm p + /Vm„ 

: d Ap- 

. Sljjll 3 Jj£ £P jj*j 

, Sljjll Jib <Uj£ (jfr jjju Zltlp 

. SljjJl Jib tiiUjjjjjuJl (jfr jj*j JVm n 

; AjtijlAll <Uj£ll (jli \H6 * j;’jj ') Sjj Sl^jj 4jj£ ,jj <ji Lbjj S&a2 



M = (2 x 1.00727) + (2 x 1.008665) 
= 4. 031 u 


<j\ 4.003 u j fjjli$JI S'jjJ Ajkill SJjSII o' 4jL>*JI <-jjIajII 6^j • 

jIJAaj ( 4jti jIaII j IgjUjLa 9 jaa » 4jjS jua\ SljjJ <LJxiIl 4ij£j| o' 

0.0279u 

,__ji o^< (»*“W l^u. j&a JjS P jA£-aj SI ijil! 4lj£ (jjj Jjjill jljia Jju LajS • 

: Aifelxll (> 0^4J o^UULjj ( Am ) ,XAj 4J _>jjj 41&JI 


Am = Zm p + /Vm„ — M 


N 


: o' ^ 


. Sljill AJ*ill 41&1I £c. jj*j 


/v 



If l^Jli St^UI J l^aa \ JojIjjj La±^- %\jj1\ CjU \jLa O' ^ *-a j 

Ija l A j (jjli ^iUlLj ^ yu V j ^ i V 3 jL&] 1 (jl uijflu lIISJj (jA 

WA1Z1\J 


(j! JjV AJt£ A Ia*uO AjajaSI CjUjjjj^I 0- 4 JJ& ^ SIjjJI O' ^Jxj 

oi ua, j 5 \ Ailuu^l ^jj-4 £4 Uut^P * ^ ^ *** A*ajL j^£ j$Uj S j§ jjj 

Sj»uS £)j£i d2A jSU2lt ^ jS A_4 j£ 0^ SjJLua Stjlit ^ CjUjjjjJI qjj CjliluiaJI 

O' Vj , U o^j^ tgJti cojjIj o!j Oj*^ O' 0*-^ V S'j^t O' 

*i Ig-uaau ^4 CjUjjjjOI J ajjj OLA O' AiuiLala StjOl fUL 

^ Ja&U2 ^211 <^Aj A^jbj^l jSillill 0* <$ jSI J J^' J 

. A-JJJ^' J^ 3 ' S'jSl' jljSluitj OuiUj 




. tAs* Ah life ujJU^; ^ jS 4 

5 x 1 O ' 15 m <^! 0 . 5 x 10"' 5 m 

CJJAJJJ (IfcW >>i ^ <#' , j' AjAU ije. ±«j*j V ♦ 


♦ i «? 


CjjL-j bl AjjLuiLa UjAfcHJ OJ>A“ , Cxfjjij , (iRSJfi 

. IgJjj CjliLubalt 

. Sl^jJl £jll jjjb <|i Lfl qjuI ♦ 


bb (2 j! jLufrl <jl»j <Ulfl 4jjLal>]| I "‘ l oail 4 j&L» (jjj JjaS V IjJaj - 

f—l lafrL a ts\ ij& JjUai liflj li^lj UyA SijjJl Jib <>> 

. (iiUjlSjjj Z i a 'y a JjUajj (jjlSjjjll 


(jj* 1 j\S±a Jiu <j| JuV t^Jli SI jill LjI jjj CjUjKjjill <jl U& <j^a 

^ iliui JLj CjUjISjjUI dlfc £jl ^lj Ua 4-jjjIII LjiUaJI 

qjIuuj! I-Lla uaAj 4iUaSI JA&2I liAj l^jSUa <j^a If ja Ixaj Laa <j*bsuJI 

jMj ^ull 4li£j| J\ ^ ujIuia ^ic- £)j£j AilLilj 4li£Jl jSISj 

, ( E b ) j*jfc ^ J^J^J (S f—W CT^J cP! USjj 

4^<ajJbuuj SI ^III CjUjIS j^l ia^IjS <ja 4^jUII AiUa2l j\Sia jL^j) 

j| MJjbua <> 3U2S1I ^ o^iUI 


# ♦* £ * 

: 


E b = Am. c 2 

E b = ( Zm p + Nm n — M N ). c 


: O' 0*-^ , u 4 jj^' J^t Am CP jsw*3M ^ j 

E b = (Zm p + JVm„ — M N )u . c 2 



931.494 MeV 


: O' 


1 u = 


; SjAVI AJjUaJI ^ Ig-ifr 

, , 931.494 MeV 

E b = (Zm p + Nm n - M n ). — p 



UjLa Jajjl 4-aJ^U) AlUaJl )) IgJL JajjJI AiUa uLjju ■■* ? Jjaui Lu 

(( 51 jISl uU jj ( jj a g j\) | g \ Sljill 



Jbujjj CjUjIS jjilj l£j ^ALujj ^12) 4iUa2t IgJL ASUall si& uijau Ia£ 

. Slj^t OJ&J l£*^' 

^<uiVi U2ld i\jjl\ (jij&l 4iUa qa £)j2£ja j j£ Aj ^JfeLuu La Jxuujla Aij*-a2j 

z^HSJl JJxILj uijju La jfc j St jj!\ tgk ljU jl£ jaI2t JJP t j jjilt iajj2l AilSa jlJuLa 

«♦ ♦♦ *♦ 

rr t O' (#' , 

£ =?» 

" 4 

#jjfr £a Lfj j»AL-uj <_^lj OJ^-AH (I JjjJ' AijUa JauijiA E n £ji Ojja 

. Sl^jjll £jjSjJ (IiUjlSjjjll <>> 

:JUU * 

^jLuu AJjSj 16u (ij'-'-'J 1 |0 q j> * mS SH Sljj <Uj£ <^i CuJe |j| 

: <> Sis jIjL» j^jli 1.00866 u cSJ 1 -'-" Oj>j^' AliSj 1.00727u 

. Ljj]| ASlL -1 

♦♦ 

. i$ iajj2t Al Ua iaujjla -2 



( 1 ) 

Eb= (ZTtip + Nifin — M N ^)931A94 MeV 

= [(8xl. 00727) + (8x1.00866^ 


: J-sJI * 


= HS.llMeV 



. 18.71 




= 7.419MeF 


.kuijlaj U jfcj — Sljiil Ailla £>* <J£ 4 j >-« 0! 

jljSiuilj duiLu ijlal (j*\£a jjj*j _ £ J£] Jajjll Ailla 

j SI^UI jtjSluit j (iLuiLaj J)j L a!£ jl.VSati Ija j) j 1 a fa 


• 


4-ujIjJj A iHia j^U& j£2 AiUa ljLcuaj fL&kJt * 

uij*j AiilxSt f2 J ( A ) StjJ J* CjUjISjjUI £a Ajifcte 

: US gjUUt cUISj ci -SajjJt 4 iUa 




i o 


> 8 
<L> 


O 

3 _> 


£? 

<L> 

5 Jj 


6 


CC 2 


O 


* i 0 

-8 U 

^Fe 

120 t- 




2 j 6 V C 

50 ^ II 


23 S t t 

2 ”%-- — 






, qn U 

* 

V t 




^^IOH 

r I 





.2 





t 





> jHe 
















O 
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fUjluuL 8 MeV jA ^aUxi! *1 (jjj^\ Jajj2l Al lla Jo^ujla ^ 

. Al^l\ 

• «♦ 

JSI iajjll AiUa JjJj ^1 liffi ^ IjIjSluil j^aLixll jjSI £)) 4 

. 160 <-40 to lAJjfr to^'j 8 MeV cP uj^j^ 

£jl jjj w *^ * ,> " < L»3 .ijfr £& jj^aUxil tHj yX Ijl IjSluil j^alixll Jj&\ -4 

4a«jia <| i21 js^l jfc IjIjSiuil j^aUxSI jjSIj 72 <— 58 tow Ujjc> 

8.777 MeV ^ 8.794 MeV Jfc AJ JSl $ jjili l^jll A$Ua 



Aa£ ^Jpj J^aj] JsjjJI Ailla Ja*jjl4 JlJjj Jbjj JJxSl Sjbjj -4 

i^\ O' t^! <-K^' "'W fJ 62 JJfc" -ijc AJ 

. ^-ajc Ajfr iiSJjj <Q A^jS Jflt 


(jfli jjAj 4 j^aLkJl £y» 20 w '~^" lAJJft JSj j^aUxil jjjju 

ju aj t# ja, j^aLkJl »i& £lfl ^Ulbj ^Kul l jUu ^k JAjj IjIjSIuiI j^alkSl 
1&JJ& SjLJ <_AJ£j ^LajjVI AaLaJU i—ijXJ AjIaxj f J& iji Jj V jIjSluiV) 

.^ISSM 

JJ& j^alk j^flUxSU 160 CP tj&h Ujjc JjJj <^1 j*aUx!l jjj*j 

O' jljSluiVi 4kaJ Juaj Jja. IgJla ^JUlbj (jJA) (J k. jSjj SjSiuiA 

. I&jjc JjBj i_£^£j jUauuVI AjLjju ^jSj 


A 


: ai iaa 

41 Vj <>j2t JJP $.1*1 j 6.1* j AjIjj ^SjS J^jxl\ jA : jiiuuJt Jj^jxl\ 4 

Lg ^\jUai\ JaLuU (j\ 

uijau 4 A £jk AjI jl J*Jj ^ill jA ; j&Lul* jJLSI ^ 

j) jSluia yj) jVuaa jj*J! SjUc- <^A j Aj^buiVt A-JaLuJIb 

j <^A j AjuiSfl £y* £ljj| Aj^Ij £lxJu) jjC- 1 jt jSluul jj£1 

.Ull -1 
.^-2 
.UU-3 






7 

P 

ol 

£i»— ait**- 

CJ 1 i ^ - J Jij ^ ilj/Uk.JtA 

jJaUa 

Jil ^.UjLj^JiJ 

i jl_i& ^ * ^ *■ -0^ ■ “-1 - - ■ ■■-^. 

^ + ■-■H- « « + 

■! * l.jp L>^ 


T 

_?e: 

^?e: a jl>^. jl j^i 1 

fffe 

La>» j 

^ * j^- ■ * * 

( - ) t-jJLuu (ij^SSJVI 
( + ) 



jSus V 

'Ub.j'LjuuA (Jjff- ■' Q J|~^ ^ 

1_Ai.J|1_i_uA ■• Q J| ^ ^ ^ 

JULL Ub jSh 

iflUjASli 

j3us -sf 

‘Ufa.j'LjUUA Vi 

1_Ai.jiLjljua ijfff- cja.ji^ Vi 

JUiL Ub jM*U 


^ 1^-51 cV ‘ liJl t> -J^l 

f> ^glj^l t^iki ■ .n 

^>4 jp£. 1 1 ■! 1 

3mm 

^l^i" . .." "sf 1_^_a | *-*h h-x. J. a s* j 

□ .□1 mni(> 1 ■■ 

MjUl 

U^J liJl t>s JSI 

baJil i_j£i 1 



^- . Jj J - r ~~ l *■ 1 

<-.j(iU^Ljl £jA *Vb50 

1 £jA *Vo lO 


£x->£x + y 

Ay — + Ay , 0 

Z A Z+1 Y ^ -l e 

Ay _* Ay , 0„ 

Z A Z-l * + +l e 

iv -> ^:1 y + f He 

<jJ Jbfc* 



— -- — ^ . — - 


1 (jj£2 <ji Jj V AJtS til! Cjjuj £)! jSIula jJLSI SI jj £jlalujj 


«♦ 

iuU 


. AajUII Ajj&I <> j^i 

jlJjLaj JjL ^ jlSI JJxJi j 4 jl-isuy Jjy j^jxll jjaJI ,jli ULj AJLSj dsbujl Jj& - 

.2 

-A v 

zA 


j4 v , A —4^7 i 4 


z-IY + fHe 


(jC- ( ^ 5 ll£il 83 c)& j ^1 tfejj£ Jjjj ^lll Aj^j^U SjIc- lilt cjUujI _ 
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*S1U “► ^Th + | He 


: Jllo 


* 


2za|j„ 

s& Kti 


2 iRn 






I Ljuo lZjLjljJ I 

m _ 


CjIjIxJI S ljUjjjSJVI diua! j (jA y* CjIaiuja - 

c> jjSI IjlVft £j£j ,ji JjV Ajlfl ULu jXiuia. Cjxjj ,ji jS1ul« jj*JI >-ajx!l Sljj jJa 


♦♦ ♦♦ 

iuU 


. 4ajU 2I SI jlll AJj£ 
: CW 6 ' jj tP! - 

CjUjjjSJVI u^uuj 4j1\mi Ujj -1 
(j-ajUaaJl qaa. ^ CijJ ££> U ‘bUiw jAj ^ -2 

All^uu (jj )j& 

X jIJjLaj JlJjj ^ jiJ) JJaJtj CuL ^JLu S jill JJsJ) (jt£ Unj 4JLJ.J djaujj La-ilc- - 

u-5j ’- ai , 1 j'- 5 ^ A <#j^' ^ju. 

V ix -> z+fY + e- 


7X -► z_?Y+e + 


z 




dwu 1 Uu IgJ <Lu$ j ^jIjjj Uuj till aji «•% AiUa- 

Cj\ ^1) (ja ijlal f . LalxSl ja Sfl lift jja j£ j <Lia£j AiUalt j-Laj 

l^ijluuj Ijjj ^ Uj << i> £a ( ‘’i* . n, 1 jli Ijj*— a Ujnr> £ji <^jb ^ jlutaill fJlxll £jjS| 
4J j-UAJ JbA*]| jjjjjjjj II jl jLjjjjjJL a^ui aJ) life (J-V-Ij djaall <Lm£j 4iUall ^ 

I ♦♦ ♦♦ 

jSaj Jja. ? u . .->1 1 life Jjaj J-ibiAJI jjfcual! jftj v >»j2b 

Jji&ji) qa jxj UajS frLixixJl pUalwit Sjax 4 i_jjUajj ? 4 _^aSj 4$Ua!l Jai^ i-iia 

. lift JjAj (> 

SiSjj Uj»jLa 77 jL2saJI jjjjjjjjJI U! ojj^jj^' v - 

.OjJ&U 

: Jli« * 

: cjjjjiWt diUjjl. 


l|C 


l fN + e“ + F 




o 


12 7 n 


‘Ic + e + + v 


: LoL> lIsLjljuI ^ 

t t 


.Stjilt £fi> i*<msTs 4-Jlfr Al lia Ljjj ^ Ji njW U ajj^ < CjIaj- 4 ^A- 
# Sjil! JJxlt jl JJxSI ^ jjjj V LaI^ dibtjul - 

. 4 j^kit aju ^ij jyflii AiUait <> st jsif^kai uu huti £*uz . 

# llu jt lilt Ajuil ujIajjV AjaL uxa <jj£j SjIp - 


sB , -» ^X + y 



tJL^JLL djLcljL^o^n )jU t 



:a»<i 

# 1 4! ^ AjLuul jLuiA (JjAi \ jLu 1 a]|# 

. 2 jUoaIU 

. OJJ^V' J-^ 3 jL^aII# 

# lift ASjSJ jLuta JIaj 4 jt-uj^JI# 


JoUaJI ^ 

t>»lS dua. UU ji llu ji lilt £^U j^ajxJl J*ab <^1 JaIjxJI 4ijau> f UlxJI JjU 
jjc js cjUjjjjjill jjc (jjj 4*u*ill jljii-l cjjj 3ibUJI 

Sjill UA (jjjja (jjj jjjl^lt £lj-a]l (> 0 jU sijill jljiluil (jt (jjjj j£j 

jSUj ^ Uluu Sajbj^l ajij '■fbMJ CjUjISjaUI uiab 

6*> jiusll SjS uLiij SljjJI JllJ (bUjjjjjill Jj^jj Sljill ^ CjUjjjjJI 

^ua jj CjU jjjjJI JJ& Jt CjUjjj ij^lSt JJ& <jjj 4jjuu1\ oIa <jl£ JUJIjj ljUjjj Jl 
JLUI ^ W toll ^ua i jj j tfejtjSluit J < # iudti ^-uajj tilliSj SljiSI jtj&Lmt ^jIa 
: Jt ±aJ 41 aj l\jl\ jtjSldub CjUjjjjJI Jt CjUjjjjjUI jjp MjfcUJt 


alpha emitters 


o 

=3 

<x-» 

c 

"o 

a 3 





- Stable nuclides 

Unstable nuclides lie 
in the Shaded regions 


p“ emitters 

Valley of stability^ * ;J 

w % 

t\ ~ 


N u m ber of protons, Z 


Jflj , » jiluLalt j-aUxSt £fl>a ^ fbj^l Jatttt 4 

j^a SjSldtft Ajjj'l ^ Sljj 300 Luj^ *4^ 14 ^^® (“ *'>* 2500 6® '-» ^ 

. ftjSluw jj& ^Ulj 

( ftjSlu^t aUsdl ) JalUlU jaj dnau ^ lu 14 ^ j^tAA ^UIJ Jj& ^ 

JJC, 3j*ju £j£j Aj 2 £l <|i £aa^a3l LjLuta <Lka £jS jj jljiu^VI lai 

<^l j^aUxSI 5jjj'l <ji <LjSj Ikljll tjjUuJ N/Z JJfr ^j CjUjjjjjjJl 

fJjlS jAdUad) 4jjj| Lai JaaJl lift ^Je- jjJaij Ja& ^X 20 lAJJP JL 

jjSI jtAuad (|jjll JJadl Jtj Lal£ LajjJj JlJjj Ifka Jjjfl 20 lSJ^' lAJJC JjJj 

koa^u! S3 cSjjJI lAJJfr (JjIS jA^Uadl Aj^ji jj S- <U <Laa£ ^s. I ^]| Ja^jj £>« 

. 1.6 Wa tsjl-d N/Z V-M 

♦♦ 

Sj&Laa £j£i ALL. j-aUfr <^A 20 <> l£' tSJ^' UJJfr £jSj ^1 + 

♦♦ ♦♦ 

. 1 <| j'-'-y N/Z > 4 ^ oj% O' 4# 

Lfi AjjIj 5 jaju idUA (_yul 83 - 20 6“ l 5J^' UJJfr QjZi ^1 ^aU*Jl 4 

iliUjjjjdl JJC. <>» jjSI (IiUjjjjjjJl JJfr I 4 J (jjli <jl JjV <UI Vj ft^i LaS 

Cul£ lit 4JIS ^UJUj f |J >odl Jaliail ft j$l aj ill jl jSlu .1 Ll o-ij ^ (iaaj 

SI jj (jL2 ( jda^Sfl OJ^W (^t Aiialall ) 4j^jjSfl ft JA jl IjSluil Ja& ^S> I N/Z 
jaSi N tjLjjjjjjdl JJfr <ji CJ Jc Jjj |JAj IjLuiA jae (jjli IJA 

WN JJfr (> Jfia o' ^ jtjSl-Vt j*om1\ <jli JLdbj jljilu.VI 


(jjjjjJ ^1 AJjau Jjjjla J*,l <> (j^alajj Sljjll £lfi tdlj iJaj Ji*.j 

4JjA J& 1\j2\ £jll. oJJ^' flj Sljillj <JllJ L>^i ujj^Ij 

CjU jjjjjJI JJ& (ji! j Culj ^ SljlIS jjaJI (jli ^jJUULjj ? 4jHui llu £ Isuil 

J*. (> N/Z 1 jliLu Jli CjUjjjjjjJI JJfrj 1 jIjLu jIjJj 

. jljSiu.Vt 


on 


ip + P 


OjUb ^1 AlkLall ) j! jaiutfl Jal JftJ U >uaje SI jL N/Z V" 1 ' ^ I ij ♦ 
<J-a2 jIJsluiVI A*. <> Sljill si$J CjUjjjjjII JJfr <^i li$i ( ji^flVl 
tj\ 4ii jajj 1$jUjjjjj ia.1 <> (j rtUlI L ^jSj Ig-ili jIJsluiVI Aa. SljiJI sift 

<^! UjAfc^' UJ>J^ 

jjp ^SJj ilulu ^ AlxSl Luasi Uftj 4 j^>> llu glxui) 3l»ft J& l $Ajll 

<luuult ujjftj Ift^j&j J jIaLsj JSj CiUjjjjjII JJfrj J jlJAsj J|Jjj dUjjjjjull 

. jljSiu.VI ±s. 0 - N/Z 




*■ 'oil + P + 


SjSiuw Jjftj AJjSj Ajjji 83 CP UJJfr JjJj J&\ j^aLkJl Ajjj! Ul 4 

jljSiu,VI Ja. j^aUxSI si* <J«aj <^1 ^jllb ( /iVial t ^ A^ua>a ^ j 

lil'l AJLSj UUuL ? jSj l^Jli 

:^u-^yi ^luui a ,/u^.yi 4 - 

Xj»-., „a jjjJl j^UxSl Aj jjS? UU Ajuilj Ujj till uLujA vbuij AjiaC £)) 
iiX AjjjI o' (j*-i 'AAj UVUJl (j$ (ijjJl JJxSl jj*j UjLui ILIj US 
SjU LLa! <jlS ^LUbj Ijljalu.) jjSi jm aUc. Aj^ji J^xjj j*^Ux5l 

Ul am . !!•% Ubuj V A aou AJli AjjjVI ,jj» N JJ£ Q j j&iuta jjC x Aa j ■ -* 1 '•» ' 
£4 J£j I A& SjU Ajjj! JJ& AsJ ja^Ux! Ajjji IgJ ija«jj liuj lilt 

uiuj jSUw jjfr o'-aifr Ajjji JJfr o^l-ij t|JjJ <^t AjlaxSl oJA uijsuj 
tiiAxj Ati l$j jiu V A-uljaifr a jUc. ^ j ^jfrbuiV) J^Ujyt AjI axj ^lauiyi 

jt Alui Jxj diAxj J$ j fjj Jxj ji (jVl 

iti] Aajjj jll >uajfr Sljj (J,\ j^a j& Sljj Lfjfi JjaJJ ^1 AjlaxSI <-«j*jj 

/«SI UU Axui AUA , Jft AiUa UbuJI U aUai SjUj Ujj lj! a w a j) lilt Ul mini 

Jj&a (jk j) Aj^buiVI A-JaUiUI 4 jU*j (jljSluut jj£ 1 4Jl^ SI J^j 

. ULjj li Jt CjI *y^y ^buil 4^\jVi Aj^jI qa La 



) jlk 9 AaJLaj^I La AjC-U-u iVt AJaLili 

AjJLaj SjaS Jjuj N lift AjjjI JJ& (jlS t 0^ > 

Laj tJLgJ A-ipLl uiVt AjIaLuuJt <jt£ AN jfc A-j^jVI w 

J^IaI) Aj^j! JJ& £-a LjjJa c # ua\ 1 T 1 l^JI (J^jj jSj ^ j-ajJU 

A L 


AN 

At 


aJV 


• AJjLlaJ) gu^j ^ jLuij AibLu Aifclp ( jP (j^ajjaui!) ±& j 


AN 

At 


= v-bJjjil 'JLuU J\J 


£jj (J& jAj X, >«^W ^ j*J±3 bub <uu,b > .U« I ni l Cub yAuu 

; ALIxaSI njj^H l&iits ><suxl] club jAj j*ajjdl 


AiV 

Ai~ 


= AiV 


Aiv^ii (j_jjixji (_ji ajlui SjLuii a j 4 jii ,j^j>ii jjft ‘"'j Aujjvi jjc (ji Luj 

: Sj^ualL (-All SjulVl XaiUJl £lfl ^lulbj ? dl j ^ 


A 


AN 

~At 


= -KN 



I i -jL La (jl Iju^qj instil, 1 ^>49 


t=0 (J-0 N Aj^jVI <j-a JJ& / ^ La j^iP (j-a AjjC- £jj LLuajjil til -J 

N J^j^W 41 >». Ji AjSjUI AjjjSfl JJfr o^ tr^VI AjjjSfl JJ*j <-«j*j U jAj 

; 4i£Ulj Luiabj <jc jjjxjII <jLajj 1 o-«jl' £-« Ij*- 1 oflflUjj 


Af = N 0 e~ M 


Jjllal AjjLjj JJ^_a *UlaJ UjIjjS ^ AjJfr Cul£ La 1 »-■** .J) <LLx2l JJ& (j^flUii -2 
JJC (j^aflUli ^ ^JiUI <>jll 4JL <_ij*jj T 1/2 >J^W 41 >JiJ 

# jil jj^jxII CjjIj jA j AjJ£- CjjISLa * AjluLaJI SjLaJI 


bl 5 &a3 * L*gjl\ ja£> (J jLuuj j£ A-ilc* (jlS La * ^\ AjlulaII Aj^jVI -3 

T 1/2 ojJS c>j JSU 4 j>&I JJft »'>> 2000 > ( t = 0 ) O-O 1 ' AjjjVt JJfr lM 

T 1/2 c>J J*JJ SIjj 500 Jfuatui jli Ti/2 <>J -^J 1000 

. 4jj*1I 4J4I liSA j Sljl 250 UJJfr n 



: LkLtib 0*-^ -5 


N 


T l/2 N 0 2Ti/2 N 0 3Ti/2 N 0 4Ti/2 N 0 t 


o 


— > 


2 4 8 16 

: ^ 4i«j 

* Ai^UJt (j-4 (. .L^a,U) 0*0 jjnju.ll - 

t = n.T i 

U O^J Ajj&t tfc* C^LJt CjI jSilt jt Cj( ^aJI JLu n O' 

T 1/2 6 -j 

; Luajj di£j JalaL^Jl AjU£ <jLaj- 

Ti/2 N 0 2T 1/2 N 0 3T 1/2 N 0 4T 1/2 N 0 t 

Nn — ■> — — -> — — h> — — ^ — -> 


ii ■ ■ ii i 


2 1 2 2 2 3 2 4 

; qa <UaaJ a \ jjc <uLu-»il JJfr Jlajj (jSaj <US j*j <L»j 

N* 


N = 


O 


2 n 




N = N °^ 

/I s n 


N 

aT 


1 \" 


: iJb> J*aaJ I4I4 j 


N 


Aj( Jau ' g * « j AjL^Vt A **j» ^ Aouu AjL <—ijju \r jliLaJl £)) d 

. 4j*uuil £jhluu UAk uiualll j-aP CjIjjS JJP 4ijjua 

(j^a 4 j'^Vl 4Jjjdl W V* A ^ 4^uu 4 ^jjlaj (, L^i-Uj j-aP CjIjjS JJ& Luajj jL^j) <j£^ajj 

: J <> Millet 4i!>UJt 




li/z-sl t| lLuIj iJu 4.3^-aJl 


l aI^jlIL <Uu/t Sjj-u^j (j-djil J^Iai UJ 4 W ult <ji HjLuj ljj£j 


JV = N Q e~ At 


N 


N 


_ — £ ^j^luu <L^jVI <jt£ t — T| /2 ^jLuy Aolaj Sjj$ JjP 4Jt 4 _Ljj 


; ^Jfr Ji<t\ 1 sMel 4&WI fjl (jiajjjuJUj 


N 


- = N 0 . e _ATl /2 
2 0 

- = p- iT i/z 

2 


: ,Jc- J*aaJ (jj2jia]l ii,L 

2 = e ATl / 2 

ln2 = In e XTl / 2 

: CjLaJJjlC' jlll OjjIjS <>» 

lne x = x 

; J& JuaaJ <jiaj j*j3Lj j 



ln2 = XT 


1/2 



:151 dLt* 

■vWvWvWv L — n f P 

' 

t 1 year & Lu^j^J ^ jfc'bi-l 


vWvWvWvWv 1 


— :*JL^\ , v 


AT, 


O'* 


:^Lk*l\ 




Ti = 1 year 

2 

t — 2 years 


=J- 




iV 


< | f ~y ^ J t ~y *^aAa. A. \ ^ c 

A/ 0 ^ 

1 


7V 0 2™ 




^ TZ ^ «■ ^ jkP' ^J\ ■■ ~*~-» \j\jtl\ tuVpH -■ ^ 


t = n. Ti 

2 


n 


Ti 

2 


2 year 
1 year 


= 2 


40 ^ 




iV 

aTT 


1L 

4 


/ 


*Jl**V\ days ^ r _^_^i ^ ^ Y *\ -2 


-■, jj^LiLl 

£ =?? 

:^LL*ll 

Ti = 140 days 

2 

JV _ 1 

N~ 0 ~Q 

*J A* 

*4J[)U\ JA^" ^ Lujj fljqj-jtil ^1 LLmII L^Cc 

t — n . T± 


!4J^jJ\ Jil>- ^ £ 71 3 LJUdJl (jl AyS'ill J JkP oi/iil JJkP 'iljl LA^ 

'■(£) '■"(;) 3 ■ 

In 2 ln(2) 

t = rt.Ti = 3 X 140 = 420 days 




71 




:< I ^Lu a| _ 


(j-4 jt jSluuVl 4 JIa Juaj O' cP! S jSlut^l ^aUxi! £)t lJjjxaII 4 

jjP Luajj jfc (jjSi -b-laJl j^jjlSI jSj ^^IjluiVI J2aI!1 *U1 axj ^L12 I 

^j j ^12^ J^t c^i tjtjiiuil >&t 0J%2 j^Vt jfc JaJjfl jSluiA 

^uiL 4 j1ox 2I diA uijXJ j jSluta ^Jt t g *jt ^ Lj^liiil <j^a AluiluJI si& <ji 

AJLuilui 


J-ui^Lui J^i (j-4j Aj CjIJjjI ^i2t j^jx2) lwa J^bJV! Aluilui ^4uy 4 

, ( ) 235-^'jJ^' j^j , 238-fjjj'jJ^' J^ 5 ' ^ J^bJVI 

232-j»jJjj^t jj&j 

JJxSIj JJxJl (jjj 4ifcU2t jtua jj ^jk J-u£luJt diA ^ua , jj ( jL<u 4 

: US j^aUxII ^ ji2t 





I (jA 4JjujJ U lub LaJl JJLc. l-jLmiO 4_oLc£" 

liii JjiliJ (JA |jj& 4AJJJ £UJJ ^f'ljLuij Aluilui (JJj£j J JibJt ^UioP <j| 

JJ& 4ijXA UgJ^Lk £>a Aijia ^SJ <jibj*j ^ j£j ufl j*uj U& j ? Ijjj JjjliJ (j* 4 J 

OUJIS (Jbj J^IajI 4-luilui ^ (j-4 CjjjujI Jil\ Ijjjj lilj JLiliJ 

♦♦ ♦♦ ♦♦ ♦♦ 

Ijjjj lii JjjliJ JJ& 4ij3LAlj /i 7 jHul4 j-^jC- ^1) JaJI j ^ * <g - UjjJ oi 

:c5 iU]| Jj*j Jpli^t life <> CjSjujI 


^yAj J^aIuj a J&lij jj j Jplilil life (j l —I JpliUt 4jjbua uy£j . 

♦♦ ♦♦ ♦* ♦♦ 

i X -> + *ftfe +>’_?e 

. : of ^ . 

( jHe) Uli jiiSj jjfr JiajX 

(_}£ ) IjJJ Jjjlijj JJ& Ji4J y 

Jfcliill JflUj JjS JJxi) SI jLuyy ^ jAj Ujli Cjjjuj) _Jt til Jplij JJ& cjLui^J . 

Xj!*&a tg-Laj 

r l^L j J&lill) Jjuj ^ jill JJxi) SIjLuiaj Uj12 Ijjj ljLuu^J . 



: jUa-^V 1 4 - 

(j /ih^i jla SjSluw jjfr JjSj j*ajC SIjj j»Luiij| <t»fi Jfrlij 

. 4y]tc- Al Ua djbuj) La^j^L^jj 4JH£J| ^ ^jjljliLa 


JJaSt J c$JJ^ jt U^uJ Ai^A4 SI (j-A JjV 4Jti 4 Jj£j SI jl jla^i u 

4 V\< a V tgJV j 4 iJa^ij 4 jjIj^]| ljU jjj jjul) 4^^1 ulaI) 4jjjy]| CjI alua^I 

Sljlll ^Jaluy 4-U Jaj </' ^ LH^ 4yjbj$l]| (ift 

. 4Jj$^ ^tSSJl 

StjUt Sjtij ^j dJi ^jtjaJt OjjSjylil iyBlt StjSM SljUl 

£j%j ^j lgJl£ S^iljJI 4iUaJl oi& <j-a 5) jj !\ j/alVn j S^jIJ 4iUa 1 ^jLui£)j 

L£liJl ^LuuijVI 4 j!aC> 4-xuy 4 j'aC> ^yi 4jj£]| ^ 

Jc-lij Jil (jjjljAl 2.5 -la^jlAj 3-2 (> <iUyj| t $ rih^j jUx^jVI 4yL»^ 



200MeV Al ills cjU-uL jUaAftft Jc-tiUt 

. jUslu uVt bUxuJ A£j^ Ailla j AiUa jS-uu ^ jlkASI J&lij JSJ 

•^Uxuul ^A Ajjlfod *i iVl £ja 

2 %\U 235-^1 jj^l- 

233 


92 V 233-^'jj^l- 


2 \\Pu 239-<*jAk^'- 

U£ J&l&I) 4Jjlx* i # nVi j 235-f jUaJlut ^ jUaAftfl JLlaS ikU j 

qH + 2 ||U — » 2 ||U* -4X+Y + neutrons 


Jiai <^tj JUi^t 90 JS Y J X L)i>^' AJUb.1 

. >11311 ^Lbuill £1* ttlhll 




: US A is a t i \ \ CiVUUVI o-«j 

2 l\V + In -> 2 |£lT -> + * 2 tfr + 3 Jn 


235 

92 


O' 


92 


235 

92 


U + In -> 2 ^(T -> + g|5r + 2 Jn 

U + Jn -> 2 ||l/" -> ijlCs + 9 3 3 7 Rb + 2 Jn 


235 

92 


U + In -» 2 ||(T 


— > 


147 

57 J 


La + + 2 in 


l. 

O' 


-fjjjljjJI A^LusVIj £J>« .lie. jllauifiU ALlS <U^_« Sljj dUA 

Jj^aaJl |»jjj Axulal l ^ 3J^a.>a jj& Sljj 239-j^fcKRJ^' JJ& »'>S cjAj 235 

Sljj (jli jUa*ij| UAaj <ji qa S?Jjj 238-fJ^'jJ^' 3Ja*.uljj l$Je 

Jjajjfl tJUu Uu fiuA. £Utib j!>UjVI JjjjJa <jfr #Ail jJl AilLJl qa c >aKjj 

Vja^> liu tP^W tWi cS^'j W*" jSiutall jjC 239-Np JJ& 

(4iJ &LH* OJ>J^ jkuuj <^lj 239-j»JjjpJ^' (^! 

• (jh La£ dl& 



238 U + In -> 2 l\W -» 2 ||Wp + _?e + 8 V 


92^ 1 0“ ' 92 ^ ' 93 


239 

94 


2 93^Vp 2 94 Pm + _?e + Jv 

Pu + qTI —> 2 |^Pu* -> X + Y + (2 - 3) Jn 


Jx.U tV J- 

CjUjjjjJ 3-2 (j* Vj^^ 4 uj^ (ijUaijj Js'lij ^1 ol ci^ W* 

Jj& CjjJadul ^211 SI jiSt 4 -ijj £a *.sUis\s ^*j) t g X CjUjjj ij^l dlft 

OjS^ jLkduVI lift 4l&]| (J* C&iJ&A cfcHlji i^\ 235-f. jUaijt 

4jjjL <jlj IgJ CjJ^j CjU jjj ijjull dlft ljUjjj ijjL LLLuj ujj£j La JIa Ijj^^a 

*1*J 4jj&I dlf! jUadul 4^1 a£ djj±* JS La^ 235-f. (JJ^ 

(J\ (g*& J^IU JJX I hjl L SjjI^I CjUjjjjaj diUdl ^lj Lba/l 4 -a1a*JI 

L-ij3UJ -L-ldk ^jtladul J&lij djji^l ^jllxuul JC-Lij g\ (jli I .lift J tftjUadul 

# J^ududoJl JpUaJI ^ujL *U.UxJ| dlft 

£a SjIIIuiVI j-a J^liUI jIjaIuiL Jjtjjj |J^ AJjIIIU AjjIjAi 4iUa JptiUI lift (jP 

^4jjjiJI) MjjUxuuVI 4J^uA]| ^ dji^j La lift j A^jUII CjUjjj JaIII <j-a JJP ja£I 

Al iL LjLujIj Lja^.a dj^j^u Suu IjUijI (jli J^IwuaJI JpUaII (jk ^jj ill 


4ajUJI Ailki) <jt£ JajiIuuIaI) J^liUI ^Viti L* IjI 

• Jl^ A^aIuj j 3 -Liu CjLahVLat ^ Ig-ahVudl 

/Ajl£a1\ Jua^l gul\ • 

. ^Ubj^t 430*11 jrUSj « 

04 JI dlxa 34. Li. • 

• V “ *♦ ♦♦ 

4-iAkJt • 

jUjJJJjUl JJ& (j| J^uiiuulOt JpUjJI (jLaJJ 

. JptLOt Llij ^jjj AJLuIu^a]) ^ 


235 .j 
92^ 


. 92 k r 
36^ 




138 1 

-■ 1 


^Sb 

Dl 


138 X 
k 54 Ae 


> 


f 95 y 
39 1 


38 Sr * 


235 t 1 
92 


: JxLaJL iJ- 


^^121 4 l 11 L inalt il£l&lilll ^Jfr ajlau «2l Igla ui^JI 4_aUa alula ajbfr jA 
£4 4ll2aia2l ljU jjjjjIII ^Jc, l^be. jjua ^jSjj ? AjjUa^ujVI (Jj^C-lsUI <Ua* aljj 

^ AjSjj^S?) aJauall CiLVjII <| jjl Jfrlia Jji ^ Jflj ? ^jlkulj JfrlSj J£ 

ciJfj ajluj) JfrlLa Jji Ut AjjjUI AaIuVI fca L -aj uiJfj 0 \S O^J (*1942 

S. Wi a l t <I)L)Vj2l luajij (*1951 (*^ ^ (jlS 4_ijljj$i2l 4iUa2l jrbjV jAj <j-alu 

.jAlJjj Jfrlia j AjSj^S?) 

: 

: o* OjZZj : ^viti -l 

jjlaJ Jla jUaufiU <iLl3 ajSl > ha jjfr 4L£j a Jla (jfr ajUfr jA j ; ^j^UI 

(-jjjUI Jib l$iaia. (»jjj 239-f»jAA>y' 235-(*J^'jJ^' 

jijla (jfr ^j^Ul JjSjJI 4jj£ JSj V O' , AAjJ' 0^*^ <3^ f^W 

0-a 4 1 nl ii CtlJ^V 4 j21£ ^jjUI Jj2j 12 4J1& J£i ( _ # A j 4 ajaJI 4li£lL uijau 0^*-® 

Ola jbla2l l j* o- JW (# jjSll JjajJl to CAS bl 4lSf <il]j ij 4jjlk4u*VI (^clilll 
V Onaj OW^ 4lauljj o-alaj jj ^jllll iIiUjjjjjUI 

. AjjUaujl (JjUjjjjjUl a JA (jlaljlfrU Jja ij]| 4jl£ 


J ja lilui J afuh Cjaj ^j-uaj-4 Uxuu Sjjx^ AjIjJ AJj£ JjLuj SjU^- jA j • ^ ^ a!\ * 

CjUjjjjjaIII (jlatjjpt jt CjjfltjaJI jt JjSjII fUJt 

L&a Ajuj^uJI ljU ijjjjdJt j SjLaI) diA ljIjJ (jjj diJ^j <^1 Cjl^jLuc.ail A ^jjj 1£jj.1£jj 

. J&j l^jSlla £>* W j* ^ CjUjjjjjdJt £ji ^lj ^ Jjj 

JuAuiUJt ^jliaduVl Jplitfl c> AajUII Ajjt jaJt AiUaJt JSL fjL U£ 

. AjjljaJI CjV^UaJI 

^jlZ’ i j-u£ Sj^S IgJ dJLa (j^a A^j) u^4 A^tjlauat l-mj UI (j£- SjLp ^^A j ; ]| £)toua$* 

A£j^i] *; cjjjUVI diA JHaj j! ^ SjL * Jla ljUjjjjj^I <j^Lu&1aI 

AIuoIulLaII Cj^lpliUl ^ Aj^till CjUjjj ijjjJI JJ& t Jiuitj 


AjjljaJt AiUaJt Jj&Lujj fbail Jp A£jP SjUp /^Aj : Ajjtj^il -2 

♦♦ ♦♦ 

iaLua jJ jl^j f ^Jt ALj^j j f Lai I ^jj^uu J-aju y^t J^uilujldl JptiUI £ja A^uUSt 

. ^UVurtVl S ^\ JVnjl 1 Ja 

AjjjUI Cjl^U-dVt ^n 4 ^i t : CjLjUJI -3 

AjU^Jj ALidu J& ^jdudlj J^lLdt (jk AjLoJ tilljj c^Ujjjjdllj Sj£>dl 

# A-4 \£> Sjj-uoj AijJt 



Jfrliait bla |»Ij11uiV1 £ji J& a«j*j : -4 

Cjliujjj Js& lJjau AiUall ^Uul Jfc 

uila dj JAJJ UjjJj ^jSjj UjjjJj ^ Ja*j <Ulfl (IjUjjjjjII ai$j *UJI jUj ^likual 
. AiUaj (-ilail <J jUj <|Jjj Ua < , < njh l it a JL^a Jib <J.Jfca 


C^! <±**i '■*>■ JjW 21 SjA J -5 

. Jj^Ai qa AjjjJ Amu! tliVjlxall AijC ^ij <ilij J*j 4j£j JjLu 









: , j 3q-i.ll ^LaJ-S^ 1 j— 

4a.jJ tJ\ 20 O t <^l Ujjc. JSj Ujia. diljj ijU Sjlja. 4a.jJ ^ li! 

c*S V » J UJI »4A Ailk^ 4a. jJ (jjjLlOOO £y» >*' (J^i ”| 4a. 4*ijja ft jlja. 
»4A - <U,x". Lajjc, j (ia. 4 j]|£. 4j£ja. 4$Ua Cil j £iUjjI jl) Jjajj j 4jjujla3| Igalta. 
4_iLa£. <_ij*5 j SjLaiS (JSjS jjllaj 4jj£a I ^ < ^Tt j <_ij. ui IgJli I ^ n uljjj^l 

043 JtUJjVI la$i« JSj) ftl^j ftlji 0 jj Lft a. jrUjjl 

(jjjjjjll SjjJ ^uib (_Sj*jjl-£ya.jjJj^il Ajjjj jrlajjl jA jrU-ljVt 

ASUa diUaiL Lja-uaa JcLilll )j& Oj%9 Oi^J^' »Jj4 f"W <-*J*i3 12-Oj^J^'j 

4JI* AaSja. AiUa 4i A ^ 03^ 25 MeV ^'jP* J*aj Ujbia AaltP Ajjlja. 

.Aall* 4iUa ljI j lata. 4xui 4_uA ^Ic j (CjUjjjjJjjJt) AaajaJI Luj uluuaJ 
JfrliUl ^ 4lal.i]l 4jjj*5?l (jj£j (ji JjV u4aj ^la. < _ J aLa.ij| Jfrlij (jli ^Lliljj 

4j>j^Ul 4^j£jaJl AiUall IfjL-uSjj I g dJjj lia. (jjJLc ftjlj^j Jai^a vIaj 

Aillall »4A jjSjj J&. ftjJli AjjLkiiVI 4lui]|j l^jjj j$Jaj ^1 4jaj]j£l| jaltili j j3 
J&liill o' Jj^l 0 s -" dljlj ^U4WI Jfrliill I4A 0il4a.V 4^j!^l 4jjljaJl 

. ^U4jV' Jfrlijll Cy> If ja. jaj 

«4Aj CjaAlS! ft4j4a. 4jjji ^Uil ^1 4jjl^j ^ ^Jjj ^UAjVI (J&liUI 

aLa^jj Jftlij OilJal ^Sl ^ Jjj Laa q^w j'l Ig <^i«j ^LaAjVt ^Ic ftjJlS Oj^ AjjjVI 


Qr 


CS^SjSlA C-JLuflj JJJJU diA J SjjJ ^ujb uijau (illil J-uiluula J^Uj 4JjA )^£A j -b.1^ 

e> j hjMiH j j»laaJ| <y> qIaj 4J1 J«ajjll pjj pi 4-& ^UJjVI Jcliill 

. ^uu-yi j&ua» j* 

• ^A j A^La^jVI j$A\ Jlla uij-uu UA j 

: »jj J ◄ 

AjJI* Sjlja. CiaJ t 4 cf 4 "* ^ J* LiJ^JJi t 4 OJ^XW -1 

: OXHilfc 2 ! ojjSjj tJa. 

}tf + [H -> ^H + $e + gv 


A*-ii iUJI J 3-fjjL^I <jjXl jli ( UJJJJJ ) U*?-JJ-^ t 4 -2 

;U1a 

^// + {H ^ ^He + y 

U^JJ-^ <A>j J UA% >■' 3-j»j^ t 4 3-j»j^> -3 

• ( /i oj a jj\ 

\He+\ He^$He + 2 {H 



JclaiU SjjJ If-bJ U$Ua*j j^IL -4 



:^L US Sj^Ij Jclii AJjU* <jk SjjJ AjUS jU + 

4{H fHe + 2$e + 2gv + 2y 

( ^ »jj j ◄ 

{H + X \C -+ a |N 

x |N X |C + $e + gv 

}H + 13 6 C -+ X yN 

JH + -+ x |0 

| 15 8 0 -> 13 N + ?e + gv 

}H + 13 N -> 12 6 C + ^He 



£LjLS)flj jlt^» uj, ^1 jju AjjliLd 


csjj^l ^U^jVI 


tfJJZ] JLk^n 


Jc-laill £ jj 


AjjLLJI Aa j 


L«J^ OA^ Lfc^ 

Aiu ^j j j^jii jtti sijs 

jljiiuiV! 


& afiW J\ ^ S U* Wj ! 

4^1 Jj^ajl^ AHiil ^ILjUIa 
ji Aiu 


Au*^ 


Ai cjjSj 1 j) Lfitti i 
S j! jaJJ <> A^LUII uijj&l 
JjAmJI ia allj AJUJ! 


Ajj^! Aj^LLa AjiijS 

Uilili djiau ji jl«j V ^Ulbj 


JajJu 


Aj£ £jLajl V 


Jjjla *£ (^331 6^ 




25 MeV W*^ 


200 MeV Wijfc 


Jfclii JS <> 4 ajU 3I AiUa3l 


6 MeV 


0.8 MeV Lyj^ 


&jlS jjj <j£3 iaJUll 4iUa]| 


^9 


jUlil 


235-fjjjbJ^ 1 j^jj 


i>li33l £lj3i jfAi 


4^jjiaj '«j A l ^jjxa jjP jt A * j^jula ljLa.i<ua (jl£ f I j-ui ^ bull VI £t jj! <ja ^jj ^1 

jjIjj (vjaJl ojllilj Lfj jaj (vjjll SjUII ^ LuLaiS 1jj*j ji Lub Sj-iU> jjfr ji SjJiU* 

♦♦ ♦♦ ♦♦ 

• JaIjP ( jiC' JUjXj jjUUI life j ^buiVb 

# t ^ i >Vt a j || A c>\jl 4 % jIp ^Jl ji 'bu£* I 4. a£ -\ 

. ^uu^il 4i <jia jju ^buuuVI -2 

. <jla j*j j**a*JI -3 

I U. i^U (jla^ju ^^]| ^a& -4 

^ . £buiVI MiUa -5 

. ^ bull VI SAo i -5 

. £butoU Jjuli <x) -7 


^buiVI jjjUI) (jC- 4 ^jU 1| (jialj-dVI <jaj 9 ^buiVI (j^aj-JU ^-uju Laj *iC> ^jjj jS j 

: I4I4 Sjjj^ 

. ^1 (j^al j-aI- 
. (jlSaj^l- 
Ja^JI jial ja) - 

^kll- 



